Two ruthenium compounds, [Ru( 3 C,N, 
INTRODUCTION
The continued world-wide interest in thermally and optically switchable spin-crossover compounds [1] [2] [3] reflects their use as switching centers in nanoscience [4] , as contrast agents for magnetic resonance imaging [5] , as reported groups in solid state and solution-phase sensors [6, 7] , and in thermochromic devices [8] . A current challenge is to prepare multifunctional materials, that use spin-crossover switching to modulate another physical property in a bulk material, or at the molecular level [9] . Thus, for example, spin-crossover complexes or hybrid materials exhibiting semiconductor [10] , fluorescence [11] , magnetic ordering [12] and mesophase functionalities [13] have all been obtained. In some of these cases the effect of spin-crossover on the ancillary property is small, but this remains a promising method for the production of switchable molecule-based materials.
Five years ago we introduced a new approach to this goal, of doping molecular spincrossover materials with other functional complexes. Our initial work has produced homogeneous solid solutions of [Fe(bpp) 2 ][BF 4 ] 2 (bpp = 2,6-di{pyrazol-1-yl}pyridine) [14] with [M(terpy) 2 ][BF 4 ] 2 complexes (terpy = 2,2':6',2"-terpyridine; M = Ru [15, 16] , Co [16, 17] or Cu [18] ; Scheme 1). This work afforded solid materials exhibiting both spin-crossover with fluorescence, albeit at different temperatures [15] , and the first observation of allosteric switching of two different spin-crossover centers in the same material [17] 2 dopants are particularly suited to each other because they have the same molecular symmetry and charge balance; their cations are similar (but not identical) in size and shape; and, although they are not isostructural, the two compounds adopt the same type of "terpyridine embrace" crystal packing motif [15] . Scheme 1. The compounds referred to in this work. (bip = 2,6-di{1-methylimidazol-2-ylidene-3-yl}pyridine) [19] and [Ru(terpy)(terpy*)][BF 4 ] 2 (terpy* = 2':6',4"-terpyridine; Scheme 1) [20] . These dopants were selected because they are significantly more emissive than [Ru(terpy) 2 ] 2+ at room temperature, which could lead to doped materials showing improved fluorescence properties.
In addition, although they have the same symmetry and charge, the shapes of these dopant molecules differ more strongly from [Fe(bpp) dopants we have used up to now. Hence this study also provides an important test of the flexibility of our dopant approach to multifunctional spin-crossover materials.
EXPERIMENTAL
The syntheses of 2,6-di(1'-methylimidazolium-3'-yl) 
Synthesis of the solid solutions
The appropriate mole ratios of [Fe(bpp) Table 1 . The crystals have a high mosaicity, which accounts for the high R int and R 1 parameters in the table and the low precision of the refinement. Diffraction data were collected with an Agilent Supernova dual-source diffractometer using monochromated Mo-K radiation radiation ( = 0.71073 Å). The diffractometer is fitted with Oxford Cryostream low-temperature devices. The structure was solved by direct methods (SHELXS97 [22] ), and developed by full least-squares refinement on F 2 (SHELXL97 [22] ). Crystallographic figures were prepared using XSEED [23] .
The asymmetric unit contains two half-molecules of the complex dication, with Ru(1) lying on the C 2 axis 0, y, ¼ and Ru (20) , N(21), C (24) , N(31) Attempts to refine that ligand disorder did not afford a sensible model, however, and did not significantly improve the residuals.
Other measurements.
Electrospray mass spectra were obtained using a Waters Micromass LCT TOF spectrometer, in a MeOH matrix. CHN microanalyses were performed by the University of Leeds Department of Chemistry microanalytical service. Magnetic susceptibility measurements were obtained using a Quantum Design SQUID/VSM magnetometer, in an applied field of 1000 G and a temperature ramp of 2 Kmin . Diamagnetic corrections were estimated from Pascal's constants [24] . X-ray powder diffraction measurements used a Bruker D8 Advance A25 diffractometer, using Cu-K  radiation ( = 1.5418 Å). Thermogravimetric analyses employed a TA Instruments TGA 2050 analyser. change in the spectra was observed over three days, which is the typical time required for these compounds to crystallize. After ca. 5 days the spectra began to broaden however, with weak new resonances appearing in the diamagnetic region (Fig. 2) . It is unclear whether this reflects exchange of tridentate ligands between the iron and ruthenium ions, or simply decomposition of the organometallic ruthenium complexes (some precipitation of the intact [Ru(terpy)(terpy*)][BF 4 ] 2 occurred after ca. 1 week, which may be a contributing factor to those spectral changes). None-the-less, it is clear that the host compound and the two dopant complexes retain their integrity during the 1-2 days required for the synthesis of the solid solutions described below. Following our previous protocol [15, 17, 18] [15] [16] [17] [18] , x was consistently higher by microanalysis than expected from the mole ratios of the complexes in the crystallization solutions. That may reflect a higher solubility of the ruthenium dopant compared to the iron complex, which therefore crystallizes preferentially. The water content of the materials (y) is 0 when x is large but increases at higher concentrations of the ruthenium complex (which also contains lattice solvent in its pure form). The presence of this lattice water in the solid solutions was confirmed by TGA analyses (Fig. 3) . structure being in the majority when x = 0.28 (Fig. 4) . This is comparable to the follows two consistent trends, according to magnetic susceptibility data ( Fig. 5 and Table 2 ).
RESULTS AND DISCUSSION
First, the transition midpoint temperature T ½ gradually decreases with increasing mole fraction of ruthenium. That is the expected trend, since the dopant molecule is larger than the iron complex, which is in turn larger in its high-spin state. Thus, a higher dopant concentration expands the crystal lattice [16] and stabilizes the high-spin state of the host material [27] . Second, the transition becomes less cooperative as x decreases. When x ≥ 0.85 this manifests as a narrowing of the transition hysteresis, but at higher dopant concentrations the transition broadens considerably, to the extent that no defined spin-crossover event is detectable for x = 0.13 (Fig. 5) . That is again typical behavior for spin-crossover materials containing inert dopants, which disrupt the elastic interactions between the iron centers in the solid lattice [28] . Moreover, the abrupt spin-transitions in these solid solutions are superimposed upon an underlying, more gradual spin-crossover equilibrium which becomes more pronounced as x decreases (Fig. 5) . We attribute this behavior to the mixed (Fig. 3 ). crystalline:amorphous nature of these solid solutions, which is evident by powder diffraction (Fig. 4) . Iron centers in the amorphous material would be expected to undergo less cooperative spin-crossover than in a crystalline phase, as observed. Notably co-existing abrupt and gradual spin-transitions were not apparent in our earlier systems
, which are also fully crystalline by powder diffraction [15, 17] .
The relationship between composition and T ½ shows some differences between [15] .
The absorption and emission spectra of the ruthenium compounds in this work resemble the previous reports of those complexes [19, 20] 
